T he use of flammable anaesthetics largely ended in the 1970s and with it, presumably, went the notorious risk of a surgical fire. During the preceding decades this hazard was largely viewed as an ever present, but reasonably controllable, complication of surgery. At that time, prevention was considered to be within the domain of the anaesthesia staff. 1 2 Today, the hazard of igniting a fire on or within a surgical patient is a continuing risk in surgery, but the sensitivity of surgical and anaesthesia staff to this hazard has waned.
This patient safety issue-albeit rare-is real, and surgical fires continue to occur with regrettable frequency and with serious or fatal results. 3 4 As a patient safety issue, reducing the risk of surgical fire has recently been brought to the fore in the United States by the Joint Commission on Accreditation of Healthcare Organizations (JCAHO) as a formal national patient safety goal for facilities accredited for ambulatory surgery.
Preventing surgical fires requires understanding the risks and effective perioperative communication between surgical, anaesthesia, and operating nursing staffs. Specific preventive measures exist but have yet to diffuse sufficiently across professional boundaries and are not yet ingrained in perioperative procedures. This paper discusses the incidence of surgical fires, the responsibility for their prevention in the perioperative setting, and the procedures for the prevention and extinguishment.
INCIDENCE OF SURGICAL FIRES
There has been no formal repository for statistics on the incidence of surgical fires. Based on a review of the medical literature, anecdotal reports received over the past 25 years, field investigations of such incidents, and searching of the US Food and Drug Administration (FDA) medical device problem reporting databases, it is estimated that in the US up to 100 minor surgical fires occur annually, with approximately 10 of these being serious and one or two fatal. 3 This incidence is small in comparison with the more than estimated 23 million inpatient and 27 million outpatient surgical procedures performed each year in the US. 5 6 These figures exclude the ''miscellaneous diagnostic and therapeutic procedures'' presented in the referenced data sources. Nonetheless, a surgical fire can be severely disfiguring or fatal and warrants attention by those concerned with providing safe health care.
One clear indication that surgical fires are continuing to occur can be seen by searching the FDA's Manufacturer and User Device Experience Network (MAUDE) database and the Medical Device Reporting (MDR) database (http:// www.fda.gov/cdrh/databases.html). For example, our search and review of reports in these databases for the 3.5 year span from January 1995 to June 1998 revealed 167 surgical fires. Of these, 56 (33%) were airway or oropharyngeal fires, 47 (28%) were fires on the head or neck, 40 (24%) were fires ignited on the outside of the patient, and 24 (14%) were fires within the patient but not in the airway (for example, within a thoracotomy incision).
No similar searchable databases in other countries are readily available to the public. However, in the UK the incidence of surgical fires related to flammable prepping agents or to high intensity endoscopic light sources has been sufficient for its Medical Devices Agency (MDA) to issue related alerts. 7 8 With the abundance of high energy surgical ignition sources, flammable surgical materials, and the potential for open oxygen sources, the hazard of surgical fire is clearly still with us. This conclusion is also supported by continuing reports of surgical fires in the medical literature. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] An expanded bibliography on surgical fires of more than 230 citations from 1969-2004 is available from the author via e-mail request.
RESPONSIBILITY FOR PREVENTION OF SURGICAL FIRES
Who is in the best position to prevent a fire during surgery? In large part, the answer depends on the type of modern day surgical fire being discussed. Most of today's fires involve an oxygen enriched atmosphere beneath the drapes or in the airway. These include fires during head and neck surgery, tracheal tube ignition during tracheostomy, laser or electrosurgery ignited fires in the trachea or bronchus, and fires in the oropharyngeal cavity during tonsillectomy. 3 9 10 Furthermore, flammable alcohol based prepping agents have again come into favour with resultant fires. 7 11 Since 1975 the ECRI has performed hundreds of investigations worldwide of surgical fire incidents in collaboration with the involved medical personnel. Historically, we have found that the best preventive measure is the most difficult to achieve-namely, establishing effective communication between two medical specialties: surgery and anaesthesiology. 4 9 Unlike in the era of flammable anaesthetics, the risk of surgical fires is now insidious and preventive measures are no longer mainly in one professional domain (fig 1) . Surgeons wield the ignition sources, anaesthesia personnel control the oxidizers (oxygen and nitrous oxide), and nursing personnel are frequently in control of safe use of the potential fuels (such as alcohol prepping solutions and tonsil sponges). There are many other flammable products present during surgery-patient hair, linens, dressings, ointments, breathing circuits, etc-all of which are even more easily ignitable in the presence of enriched oxygen microenvironments that are frequently present under the surgical drapes. The reality is that different staff are in the best position to prevent a modern day surgical fire at different times of the surgical procedure. Each profession-surgery, anaesthesia, and nursing-is in a position to control one leg of the ''fire triangle'', but to do so usually requires intraoperative collaboration with at least one of the other two professions. This makes implementation of surgical fire prevention methodologies uniquely complicated.
The diffusion and implementation of published surgical fire preventive recommendations appears to have been hindered by a rift in communication in the surgical setting about the causes of modern day surgical fires and the effective preventive measures that can be employed. The need for such effective communication on surgical fire causes and preventive measures is especially critical between the surgical and anaesthesia professions. For prevention of oxygen enriched surgical fires, the surgeon needs to be made aware that an oxygen enriched atmosphere may be present near or within the surgical site and, conversely, the anaesthesia staff needs to be forewarned about each use of an ignition source.
Communication on these issues during surgery is essential and must breach the boundaries of perceived professional territories. Education of clinical staff about the hazards of surgical fire is also essential, but is not currently addressed in most surgery or anaesthesia residency programs. N Care for the patient:
-resume patient ventilation; -control bleeding; -evacuate the patient if the room is dangerous from smoke or fire; -examine the patient for injuries and treat accordingly.
N If the fire is not quickly controlled, notify other operating room staff and the fire department that a fire has occurred: -isolate the room to contain smoke and fire.
Save involved materials and devices for later investigation. N Care for the patient:
-re-establish the airway and resume ventilating with air until certain that nothing is left burning in the airway, then switch to 100% oxygen; -examine the airway to determine the extent of damage, and treat the patient accordingly.
Save involved materials and devices for later investigation.
Unfortunately, a number of references in the literature have presented incorrect information regarding the flammability of common fuels in the surgical setting and the appropriate actions to take to extinguish a surgical fire. [15] [16] [17] Such incorrect information can complicate constructive dialogue between medical professionals. For example, Podnos and Williams 15 sought to address these topics for the surgical community but their article contained significant errors. With regard to extinguishment, they suggest that the best course of action for staff in a surgical fire is to get a fire extinguisher, pull fire alarms, and to evacuate the area through emergency exits. These recommendations are absolutely wrong. There is no time to get a fire extinguisher (or fire blanket) when your patient is on fire; physically removing the burning materials from the patient is the first priority (and is typically done instinctively by the staff). Moreover, the bulleted guidelines for fire prevention in the article are limited and confusing, granting that they probably did not originate with the authors. Specifically:
N ''Use only appropriately protected endotracheal tubes when operating near the trachea.'' This vague recommendation ignores differing ignition sources. Even laser resistant tubes will combust under certain circumstances, depending on oxygen concentration, laser wavelength, and tube materials. In addition, laser ignition resistant tubes are not resistant to electrosurgical ignition.
N ''Use fire retardant surgical drapes.'' There are no fire retardant surgical drapes given the potential presence of oxygen enriched atmospheres and the high energy delivery At the start of surgery:
The applicability of these recommendations must be considered individually for each patient.
Surgical Team Communication is Essential
Only You Can Prevent Surgical Fires 2) provides a summary of specific preventive recommendations for medical and nursing staffs and may be freely reproduced. Clinicians should note that the applicability of the recommendations to any one patient must be considered individually for the needs of that patient. The poster and many other publications on this topic are available without restriction at ECRI's free clinical website called Medical Device Safety Reports (www.mdsr.ecri.org, search term ''fires'').
The Joint Commission for the Accreditation of Healthcare Organizations (JCAHO) in the US recently published an alert to healthcare facilities with recommendations about surgical fire prevention and education. 18 For 2005 the JCAHO has also established a formal patient safety goal to ''reduce the risk of surgical fires'' in ambulatory care settings. 19 Those goals largely mirror the recommendations in the earlier JCAHO safety alert. They specify education for all surgical staff on ''how to control heat sources and manage fuels'' and require establishing ''guidelines to minimizing oxygen concentrations under drapes.'' These accreditation based initiatives may well succeed where the hundreds of articles on the causes and prevention of surgical fires published over the past 30 years in surgical, anaesthesia, and operating room nursing medical literature have failed.
EXTINGUISHING A SURGICAL FIRE
The action needed to extinguish a surgical fire depends on whether the fire is burning in the airway or on the outside of the patient. As mentioned above, most staff react instinctively when a fire breaks out to remove the burning material from the patient. In addition to this, other procedures shown in box 1 are warranted. These procedures differentiate between extinguishing fires burning on the patient and for fires in the airway. 3 Noteworthy citations that provide additional significant background and detail about the prevention of surgical fires are listed below under ''Further reading''.
CONCLUSIONS
Surgical fires are a preventable hazard. As with other low incidence but potentially serious or fatal medical misadventures such as wrong site surgery or retained instruments, solutions to prevent this hazard are known and published. However, preventive measures have yet to diffuse sufficiently across professional boundaries. The challenges to preventing fires relate to educating not one but three professions in the surgical setting-surgery, anaesthesia, and nursing-and in breaching barriers to intraoperative communication. 
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